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Development of a new differential extensometer 
Lii Chongwu and Yang Jiang 
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Abstract: This paper describes a new differential extensometer, which has a baseline rod in suspension with 
both ends free, and some preliminary test results. Compared with a traditional differential extensometer, which 
has one end of the baseline rod fJXed to the ground , this instrument is less affected by commonly encountered 
interlerences , including environment vibration , momentary power failure , and power noise. 
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1 Introduction 
An extensometer[1' 21 is a horizontal-strain instrument 
measuring changes in distance between two points on 
earth surface ( Fig. 1 ) : 
L' -L 11L 
e=L+8=L+8 (1) 
where L is length of base line , 8 is zero clearance of 
sensor, L' is the length after the change , .48 is the 
change, & is strain value. 
When L is much larger than 8, 
Figure 1 Principle diagram of exteiUIOmeter 
Accepted: 2010-12~1; Received:2011~1~5 
Com!Sporuting the author: Tel. + 86 - 27 - 87863469 ; E·mail: M-ywh@ 
163. com 
This study wall supported by the Ditector Foundaticm of Institute of Seis-
mology, CEA( IS200726020) 
J1L 
e=-L (2) 
Model SS-Y extensometer is a kind of strain gauges 
traditionally used in caves. It consists of a baseline , a 
transformer , fine wire suspensions and a calibrator, etc. 
The baseline is a rod of low heat-expansion coefficient 
of less than 5 X 10 -6/CC. It is suspended by fine wires 
with one end (A ) fixed to the bed rock and the other 
end free to move over another point in the bedrock 
(B) . The changes in the distance between "A" and 
"B" is converted to voltage signals by an eddy-current 
transformer, and through a pre-amplifier the analog sig-
nals are transmitted to the control system of a single-
chip computer and converted to digital signals through 
a AID converter. 
This kind of instruments have been employed to 
solve many geodynanrical problems, including tidal 
strain and seismic-faulting activity. it is a precision in-
strument suitable for many scientific and engineering 
applications. However, it is also affected by quite a few 
environmental variables , such as ground shaking and 
power failure. 
2 Structure of the new differential 
extensometer 
In our new differential extensometer, the baseline is 
suspended by fine wires with no fixed end , as shown in 
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Figure 2 The etructure of difrereatial exteD8ometer 
Figure 2. Identical senBOl'S are iDstalled at both ends o-
ver points (A) and (B) in opposite directions. Here, 
the baseline length is the sum of L,BA and Bs, where B.c 
and 88 are zero clearances of sensor A and B, respec-
tively. Since both ends of the baseline are free, the 
length of baseline between two points A and B is not af-
fected by ground shaking, even though it produces noi-
ses in the output at both ends ( the noises canceled 
each other in the :resultant strain data, see below) . 
If L is much larger than B.t +Bs ,then L--L +8.t +88 • 
In the case of crustal extension, the clearance of 
sensors at points A and B produce M.A and /JL8 , re-
spectively, and the strain is given by 
M.A +M.s 
e= L 
where point displacements pespectively are 
Ar _Us J.I,LI.- s. 
(3) 
'Ihe strain may be expressed in terms of voltage out-
pula by 
tiU.t IJ.UB 
-+--
SA s. to-6 
e= L x (4) 
where SA and S B ( m VI .,un) are sensitivities of sensor A, 
and B and .4UA and .4U8 ( m V) are voltage outputs of 
sensor A and B, respectively , and the unit of L is m. 
When SA =S8 =S, (4) becomes 
IJ.UA +IJ.U8 10
_, 
e= x SL 
(S) 
In terms of the voltage - strain convenion coefficient 
'II = :L X 10 -6 the strain is given by 
e = (IJ.U.t +IJ.U.)'II (6) 
Thus, the strain value is equal to the sum of two 
sensor voltage outputs multiplied by the voltage-strain 
conversion coefficient. 
3 Tests 
3. 1 Station condition 
The fmt such differential extell80Dleter, with a 7. S m-
long baseline, was iDstalled on the cement floor in ap-
pmximately SN direction about 40 m inside of a cave 
(Fig. 3) at the Chaoyang station in Liaoning province, 
and was tested dwing April - Jun, 2005. The site con-
dition was very bad: There was no special thermal insu-
lation except some cotton coven at 4 doors; the instru-
ment support was glued to the cement floor with a 
strong gum, and the site was experiencing vibration 
from some construction activity nearby. 
Another instrument of this kind, with a 23. 6 m-long 
baseline, was tested at the Shizhishan station (Wuhan) 
during Feb. 6-Apr. 10 ,2007l'l. It was installed in the 
EW direction, near a traditional e:r.tensometer, with a 
13. 00 m-long baseline, in the NS direction. Recon-
stmction activity was going on inside the cave during 
the testing period. 
3. Z Parameters 
The instrument parameten at the two stations are given 
in Table 1. The traditional extenaometer has a voltage-
strain conversion coefEicient of 47. OO(mV/.,un). 
"\ ~ 3Am Jm 
+ 7.sm2m 
t 
3.2m 
1 
12.3m 1 3.9ml 11.7m 12.1~ 6.4m 1 3.2m 1 
41.6m 
Figure 3 Sketch of cave at Chaoyang 11tation 
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Tab.l Instrument parameters at the test sites 
LeDgth of 
Station Direction baseline 
(m) 
Chao yang NS N ( Liaoning province) 7.5 s 
Shizhishan E 
(Wuhan) EW 23.60 w 
At the Choayang station, a Model DZC-4 data acqui-
sition unit [ 4 ] ( 16 channels and 4 7'2 A/D conversion ) 
was used. The sampling frequency was one per second, 
and the data were averaged every 5 seconds and every 
minute. 
At the Shizhishan station, a model EP- ffi IP acqui-
sition/ control unit was used to collect data at a fre-
quency of one per minute . 
3.3 Result 
Figure 4 shows the data recorded at the Chaoyang sta-
tion on May 26 ,2005. It may be seen in the figure that 
there is much noise in the outputs at the ends ( Fig. 4 
( a) and ( b ) ) , but the noise is removed after taking 
the difference , and the resultant strain is very good , 
showing nice tidal variation ( Fig. 4 ( c ) ) . 
Similar result is seen in data recorded at the same 
station on may 20 ,2005 (Fig. 5). 
Figure 6 shows data recorded at the Shizhishan sta-
tion on March 7 , 2007. Again there is much noise in 
the output of at each end ( Fig. 6 ( a) and ( b) ) , but 
the resultant strain shows a clear tidal variation without 
much noise ( Fig. 6 ( c) ) . 
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F'lgure 4 Data recorded at Chaoyang station on May 26,2005 
transducer Conversion coefficient 
Sensitivity Error of voltage-strain 
(mVIJI.Dl) (%) (X w-IO/mV) 
58.19 
58.52 0.57 22.85 
40.99 
40.82 
0.41 10.36 
Figure 7 shows data recorded by both the new and 
the traditional extensometers at the Shizhishan station 
on March 20 , 2007. The output is noisy at each end ( E 
or W) of the new instrument (Fig. 7 (a) and (b)) , 
as well as in the NS strain data of the traditional instru-
ment ( Fig. 7 ( d) ) , but it is not so in the EW strain 
data of the new instrument ( Fig. 7 ( c) ) . 
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Figure 5 Data curve at Chaoyang station on May 20 , 2005 
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Figure 6 Data curve at Shanzhishan station 
on March 1 , 2001 
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Figtm! 7 Comparison record data between NS and with 
EW direction at Shanzhishan station on March 20 ,'1f»7 
4 Conclusion 
The examples given above illustrate the fact that the 
new instrument has a better ability to resist enVIron-
mental noise , such as ground shaking and momentary 
power failure , and thus produce data of better quality , 
even at a site of poor condition , such as near cave en-
trance with insufficient insulation. Thus it should be 
widely deployed at more stations. 
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